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Description

[0001] The present invention relates to copolymers comprising ethylene, vinyl esters, in particular vinyl acetate and
esters of (meth)acrylic acid, selected from esters comprising branched alkyl, cyclic alkyl or optionally alkyl substituted
aryl moieties and having a weight average molecular weight of 35,000 g/mol to 150,000 g/mol, formulations of such
copolymers in organic solvents and their use as pour point depressant, wax inhibitor and flow enhancer for crude oils.
[0002] Underground mineral oil formations typically have relatively high temperatures. After the production of the crude
oil to the surface, the crude oil produced therefore cools down to a greater or lesser degree according to the production
temperature and the storage or transport conditions.

[0003] According to their origin, crude oils have different proportions of waxes, which consist essentially of long-chain
n-paraffins. According to the type of crude oil, the proportion of such paraffins may typically be 1 to 30% by weight of
the crude oil. When the temperature goes below a particular level in the course of cooling, the paraffins can crystallize,
typically in the form of platelets. The precipitated paraffins considerably impair the flowability of the oil. The platelet-
shaped n-paraffin crystals can form a kind of house-of-cards structure which encloses the crude oil, such that the crude
oil ceases to flow, even though the predominant portion is still liquid. The lowest temperature at which a sample of an
oil still just flows in the course of cooling is referred to as the "pour point". For the measurement of the pour point,
standardized test methods are used. Precipitated paraffins can block filters, pumps, pipelines and other installations or
be deposited in tanks, thus entailing a high level of cleaning.

[0004] The deposit temperature of oil deposits is generally above room temperature, for example 40°C to 100°C.
Crude oil is produced from such deposits while still warm, and it naturally cools more or less quickly to room temperature
in the course of or after production, or else to lower temperatures under corresponding climatic conditions. Crude oils
may have pour points above room temperature, so such that crude oils of this kind may solidify in the course of or after
production.

[0005] It is known that the pour point of crude oils can be lowered by suitable additives. This can prevent paraffins
from precipitating in the course of cooling of produced crude oil. Suitable additives firstly prevent the formation of said
house-of-cards-like structures and thus lower the temperature at which the crude oil solidifies. In addition, additives can
promote the formation of fine, well-crystallized, non-agglomerating paraffin crystals, such that undisrupted oil transport
is ensured. Such additives are referred to as pour point depressants or flow improvers.

[0006] It is known in the art to use copolymers of ethylene and vinyl acetate as pour point depressant for improving
cold flow properties of crude oil and mineral oil products such as disclosed for instance in GB 900,202 A, GB 1,147,904
A, GB 1,403,782 A and EP 003 489 A1.

[0007] However, the performance of ethylene-vinyl acetate copolymers alone often is not sufficient and the solubility
of such polymers in hydrocarbons often is not sufficient. Therefore, a lot of attempts have been made in order to improve
the performance of such ethylene-vinyl acetate copolymers.

[0008] DE 2047448 A discloses additives for lowering viscosity in paraffin-based crude oils. The additives are mixtures
of polyvinyl ethers and ethylene-vinyl acetate copolymers.

[0009] Itisfurthermore known to modify ethylene-vinyl acetate copolymers by copolymerizing by acrylates, in particular
long-chain acrylates in the presence of ethylene-vinyl acetate copolymers thereby yielding graft polymers in which at
least a part of the poly acrylate has been grafted onto the ethylene-vinyl acetate copolymer. Examples of that technique
are disclosed in EP 486 836 A1 and US 4,608,411.

[0010] However, the production of graft polymers needs an additional manufacturing step. It is desirable to avoid such
an additional step.

[0011] Itisfurthermore known to use additional comonomers besides ethylene and vinyl acetate, in particular (meth)acr-
ylates and vinyl esters different from vinyl acetate.

[0012] DE 19 02 925 A discloses copolymers of 40 % to 89 % by wt. of ethylene, 10 % to 40 % by wt. of vinyl esters
of monocarboxylic acids having 2 to 4 carbon atoms, and 1 to 30 % by wt. of C,4 to Cy, alkyl esters of (meth)acrylic acid
or vinyl esters of monocarboxylic acids having 10 to 22 carbon atoms having a number average molecular weight of
1,000 to 50,000, preferably 1,500 to 5,000. DE 190 29 25 A furthermore discloses the use of such copolymers as pour
point depressants for crude oil distillates.

[0013] US 4,156,434 discloses a terpolymer of 60 % to 89 % by wt. ethylene, 8 % to 25 % by wt. vinyl acetate, and 3
% to 15 % by wt. of a linear or branched C,, to C,, alkyl ester of (meth)acrylic acid having a number average molecular
weight of 12,000 to 37,000. The publication does not disclose any specific C45 to Co, alkyl esters used. US 4,156,434
furthermore discloses the use of such terpolymers as pour point depressant for gas oils.

[0014] EP 493 769 A1 discloses terpolymers of 40 % to 94 % by wt. of ethylene, 5 to 35 % of vinyl acetate and 1 %
to 25 % of neononane carboxylic acid vinyl esters or neodecane carboxylic acid vinyl esters (i.e. branched Cq or C4,
carboxylic acid vinyl esters) having a number average molecular weight of 500 to 5,000 g/mol and their use as additives
for mineral oil distillates.

[0015] WO 96/07718 A1 discloses an oil composition comprising a terpolymer of ethylene and two different carboxylic
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acid vinyl esters, one of them being the vinyl ester of a C, to C5 carboxylic acid and the other one being a branched Cgq
to C45 carboxylic acid.

[0016] WO 96/17905 A1 discloses an oil-soluble additive comprising a terpolymer of ethylene and vinyl esters
H,C=CHOOR or acrylates H,C=CH-COOR, wherein R is a C4 to C, alkyl group and vinyl esters H,C=CHOOR'’ or
acrylates H,C=CH-COOR'’ wherein R’ is a tertiary alkyl group having 8 or more carbon atoms.

[0017] WO 2005/054314 A2 discloses the use of polymers comprising 60 to 98 mol % a-olefines, preferably ethylene,
11020 mol % vinyl esters, preferably vinyl acetate and 1 to 20 mol % esters of o, -unsaturated carboxylic acids, preferably
C4 to Cyq esters as additives for fuel oils and lubricants. The number average molecular weight is 1,000 to 20,000,
preferably 1,500 to 5,000. The weight average molecular weight may be 1,000 to 30,000 and M,,/M,, may be from 1,5
to 5. A copolymer of ethylene, vinyl acetate and 2-ethylhexyl acrylate is most preferred.

[0018] WO 2009/106744 A2 discloses the use of a terpolymer comprising 78 % to 87 % by mol ethylene, 12 % to 18
% by mol vinyl acetate and 1 % to 4 % by mol acrylates, preferably 2-ethylhexyl acrylate as additive for fuel oils. Preferably,
the weight average molecular mass is 3,000 to 30,000.

[0019] The cited documents focus on the use of terpolymers of ethylene, vinyl acetate and further comonomers as
additives for fuel oils, mineral oils and/or destillates of crude oil. It were desirable to use such class of polymers also as
additives for crude oil, in particular as pour point depressant for crude oil, wax inhibitors for crude oil or rheology modifiers
for crude oil.

[0020] However, there are different requirements to such additives for crude oil compared to additives fuel oils, mineral
oils and/or destillates of crude oil which makes it difficult to use such known additives without modifications for crude oil.
[0021] Additives for crude oil are necessarily used at the production sites of crude oil. Such production sites also may
be offshore platforms which furthermore may be located in cold regions, e.g. arctic regions. Pour point depressants are
generally supplied as concentrated solutions and can be formulated for use in the desired manner by the users on site.
The products supplied should be liquid in order to avoid melting on site, and the solutions should also remain stable
over a long period and not have a tendency to phase separation, such that they can be stored with great simplicity.
[0022] It was therefore an object of the present invention to provide a copolymer comprising ethylene, a vinyl ester,
and a (meth)acrylate which can be easily provided as formulations in non-polar solvents having a sufficient stability
during transport, storage and use even in cold environments and which have a good performance as pour point depres-
sant, wax inhibitors and rheology modifiers for crude oil.

[0023] Accordingly, copolymer (A) at least comprising ethylene, a vinyl ester, and a (meth)acrylate have been found
wherein the copolymer (A) at least comprises

(M1) 83.5 mol % to 96.5 mol % of ethylene,

(M2) 3 mol % to 11.5 mol % of at least one vinyl ester of the general formula H,C=CH-O-(0)C-R" (I) where R" is H
or a C4- to C,4 alkyl moiety, and

(M3) 0.5 mol % to 5 mol % of a (meth)acrylate of the general formula H,C=C(R2)-COOR3 wherein RZ is H or methyl,
and R3 is selected from the group of

R3a: branched alkyl moieties having 4 to 18 carbon atoms,

R3b: cyclic alkyl moieties having 5 to 12 carbon atoms, and

R3¢c: optionally alkyl substituted aryl moieties having 6 to 12 carbon atoms,

and wherein the weight average molecular weight M, of the copolymer (A) is 35,000 g/mol to 150,000 g/mol.
[0024] In a second aspect of the invention, a polymer composition (X) has been found at least comprising

e atleast one copolymer (A) as defined above,and
e atleast one organic solvent (B),

wherein the concentration of the copolymer (A) is 5 to 25 % by weight with respect to the sum of all components of the
polymer composition (X).

[0025] In a third aspect of the invention it has been found to use the copolymers (A) as defined above as pour point
depressants, wax inhibitors and rheology modifiers for crude oil.

[0026] Specific details of the invention are as follows:

Copolymer (A)

[0027] Copolymer (A) according to the invention comprises as monomers at least ethylene (monomer M1), a vinyl
ester (monomer M2), and a (meth)acrylate (monomer M3).

[0028] Copolymer (A) comprises 83.5 mol % to 96.5 mol % of ethylene (monomer M1), preferably 85 mol % to 95 mol
%, more preferably 86 mol % to 93 mol %, and most preferably 88 mol % to 92 mol %.
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[0029] Copolymer (A) furthermore comprises 3 mol % to 11.5 mol % of at least one vinyl ester (monomer M2) of the
general formula H,C=CH-O-(0O)C-R" (I) where R'is H or a C;- to C, alkyl moiety. Preferably R is methyl and/or ethyl
and more preferably R is methyl. Preferably, the amount of the vinyl ester(s) is 4 mol % to 10.5 mol %.

[0030] Copolymer (A) furthermore comprises 0.5 mol % to 5 mol % of at least one (meth)acrylate (monomer M3) of
the general formula H,C=C(R2)-COOR3 wherein RZis H or methyl, and R3 is at least one group selected from the group
of R3, R3b, and R3c, Preferably, the amount of (meth)acrylates is 0.5 mol % to 4 mol %.

[0031] The moieties R32 are branched alkyl moieties having 4 to 18 carbon atoms, preferably 5 to 11 carbon atoms
and more preferably 8 to 10 carbon atoms. Examples of branched alkyl moieties R32 comprise 2-methylpropyl-, t-butyl-,
3-methylbutyl-, 2,2’-dimethylpropyl-, 2-ethylhexyl-, 2-propylheptyl-, i-nonyl-, i-decyl-, i-undecyl-, i-dodecyl-, and i-hepta-
decyl-moieties, preference being given to 2-ethylhexyl and 2-propylheptyl moieties. Most preferably, R32 is a 2-propyl-
heptyl moiety.

[0032] The moieties R3P are cyclic alkyl moieties having 5 to 12 carbon atoms, preferably 6 to 10 carbon atoms. Cyclic
alkyl moieties may be monocyclic or polycyclic, for example bicyclic. They may be furthermore substituted with linear
and/or branched alkyl moieties. Examples of cyclic alkyl moieties R3P comprise cyclopentyl-, cyclohexyl-, 4-methylcy-
clohexyl-, cycloheptyl-, bicyclo[2.2.1]heptyl-, bicyclo[2.2.2]octyl- or 2-(1,7,7-trimethyl)bicycle[2.2.1]heptyl- moieties. Pref-
erably, R3b is a cyclohexyl moiety.

[0033] The moieties R3¢ are optionally alkyl substituted aryl moieties having 6 to 12 carbon atoms. Examples comprise
phenyl-, benzyl- or 2-phenyl ethyl- moieties.

[0034] Preferably, R3 is selected from R32 and R3b, more preferably, R3 is R32,

[0035] Besidesthe monomers M1, M2, and M3 copolymer (A) may comprise further monomers M4. Suitable monomers
M4 are ethylenically unsaturated monomers which are copolymerizable with the monomers M1, M2, and M3. Such
further monomers M4 may be used to fine tune the properties of the polymer.

[0036] Examples of monomers M4 comprise olefins, in particular a-olefines other than ethylene, for example propene,
1-butene or isobutene, vinyl esters H,C=CH-O-(0)C-R* (IV), wherein R* is a hydrocarbon moiety having more than 4
carbon atoms, in particular 5 to 20 carbon atoms, and (meth)acrylates H,C=C(R2)-COORS5 (V), wherein R2 has the
meaning as defined above and RS is a moiety other than R3, for example linear alkyl moieties having 1 to 22 carbon
atoms, branched alkyl moieties having more than 12 carbon atoms, in particular 12 to 22 carbon atoms, and/or optionally
alkyl substituted aryl moieties having more than 12 carbon atoms, in particular 12 to 22 carbon atoms.

[0037] The amount of such additional monomers M4 is from 0 % to 12,5 mol %, preferably from 0 to 10 mol %, more
preferably 0 to 5 mol %, and in the most preferred embodiment no additional monomers M4 are present.

[0038] The copolymers (A) according to the invention have a weight average molecular weight M,, of 35,000 g/mol to
150,000 g/mol, preferably 50,000 g/mol to 120,000 g/mol, and more preferably 60,000 g/mol to 110,000 g/mol, and for
example 70,000 g/mol to 100,000 g/mol.

[0039] The polydispersity M,,/M,, (M,,;: number average molecular weight) may be from 2 to 9, preferably from 3 to 7.
[0040] In one embodiment of the invention, copolymer (A) comprises 87 mol % to 93 mol % ethylene, 4 mol % to 10
mol % of vinylacetate and 1 mol % to 4 mol % of 2-propylheptyl(meth)acrylate. More preferably, copolymer (A) consists
of such monomers. In a preferred embodiment such a polymer may have a weight average molecular weight M,, of
60,000 g/mol to 150,000 g/mol, preferably 60,000 g/mol to 120,000 g/mol, more preferably from 65,000 g/mol to 100,000
g/mol and for example from 70,000 g/mol to 90,000 g/mol. The polydispersity M,,/M,, of such specific copolymers (A)
may preferably be from 3 to 7.

[0041] In another embodiment of the invention, copolymer (A) comprises 87 mol % to 93 mol % ethylene, 4 mol % to
10 mol % of vinylacetate and 1 mol % to 4 mol % of 2-ethylhexyl(meth)acrylate. More preferably, copolymer (A) consists
of such monomers.

[0042] In another embodiment of the invention, copolymer (A) comprises 87 mol % to 93 mol % ethylene, 4 mol % to
10 mol % of vinylacetate and 0.5 mol % to 4 mol % of cyclohexyl(meth)acrylate. More preferably, copolymer (A) consists
of such monomers.

Manufacture of copolymers (A)

[0043] The copolymers (A) according to the invention can be manufactured by radical polymerization under high-
pressure conditions using suitable initiators for radical polymerization for example in stirred high-pressure autoclaves
or in high-pressure tube reactors such as the methods described in WO 2005/054314 A2. Preparation of the copolymer
(A) in stirred high-pressure autoclaves is preferred. Stirred high-pressure autoclaves are known per se and a description
may be found in Ullmann’s Encyclopedia of Industrial Chemistry, 5th edition, keywords: waxes, Vol. A 28, p. 146 ff.,
Verlag Chemie Weinheim, Basel, Cambridge, New York, Tokyo, 1996. They usually have a length/diameter ratio in the
range from 5:1 to 30:1, preferably from 10:1 to 20:1. The high-pressure tube reactors which can also be employed are
likewise described in said citation.

Suitable pressure conditions for the polymerization are from 1000 to 3000 bar, preferably from 1500 to 2500 bar. The
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reaction temperatures are, for example, in the range from 160°C to 320°C, preferably in the range from 180 to 260°C.
[0044] Useful initiators for free-radical polymerization are customary free-radical initiators such as organic peroxides,
oxygen or azo compounds. Also suitable are mixtures of a plurality of free-radical initiators are also useful. Suitable
peroxides are disclosed in US 2007/0094920 A1, paragraphs [0068], [0069], and [0070]. Particularly useful peroxides
are di-tert-butyl peroxide, tert-butyl peroxypivalate, tert-butyl peroxyisononanoate, tert-amylperoxipivalate and dibenzoyl
peroxide and mixtures thereof. An azo compound which may be mentioned byway of example is azobisisobutyronitrile
("AIBN"). Free-radical initiators are introduced in amounts customary for polymerizations.

[0045] Optionally, the polymerization can be carried out in the presence of one or more regulators (chain transfer
agents) for controlling the molecular weight of the copolymers (A). Suitable regulators are disclosed in US 2007/0094920
A1, paragraphs [0056] to [0065]. Particularly useful regulators are H,, propene, butene, propion aldehyde, or methyl-
ethylketone.

[0046] The amount of the regulator used can be chosen by the skilled artisan according to his/her needs. In order to
achieve the desired weight average molecular weight M,, 30,000 g/mol to 150,000 g/mol it is frequently advisable to
limit the amount of regulator to an amount of not more than 0.6 % by wt. relating to the total amount of all comonomers used.
[0047] In one embodiment of the invention, the amount of regulator is 0 to 0.2% by wt. relating to the total amount of
all comonomers used. In another embodiment of the invention no regulator is used.

[0048] Ina preferred method, the inventive copolymers (A) are prepared in such a manner that ethylene is compressed
by a gas compressor to approximately 250 bar and in parallel a mixture of the comonomers M2, M3, and optionally M4
and optionally at least one regulator are also compressed separately by a pump to approximately 250 bar.

[0049] Both, ethylene and the comonomer mixture are mixed at a pressure of approximately 250 bar and thereafter
the mixture is compressed by a hypercompressor to a pressure of about 1,700 to 2,200 bar. The monomers and the
regulator are now dissolved in supercritical ethylene. The mixture having a temperature from 20°C to 50°C, preferably
25°C to 35°C is passed, preferably continuously, through a stirred autoclave which is maintained at a pressure of 1,500
to 2,500 bar, for example 1,600 to 2,200 bar. The initiator which generally is dissolved in a suitable solvent, for example
isododecane or methylethylketone is also fed - preferably continuously- into the stirred autoclave, which the comonomers
are passing through thus maintaining the temperature in this stirred autoclave chosen by the skilled artisan, for example
at 180°C to 260°C as indicated above.

[0050] The polymer obtained after decompression of the reactor may be isolated in a customary manner. Examples
ofisolation techniques include under-water pelletizing of the melt or the melt may be dissolved directly in a suitable solvent.
[0051] Modifications to this method are of course possible and can be undertaken by those skilled in the art without
unreasonable effort. For example, the comonomers and the regulator can be separately metered into the reactor or the
reaction temperature may be varied during the process. For instance, also a tubular reactor may be used instead of a
stirred autoclave in the process described above.

Polymer composition (X)

[0052] The polymer composition (X) according to the invention comprises at least one copolymer (A) as described
above and atleast one organic solvent (B). The copolymers (A) should be homogeneously dispersed, preferably dissolved
in the organic solvent (B). It is of course also possible to use mixtures of different organic solvents (B).

[0053] The organic solvents (B) may, for example, be nonpolar solvents comprising saturated aliphatic hydrocarbyl
groups, preferably those having a (flashpoint > 60°C. Examples of such solvents comprise saturated aliphatic hydrocar-
bons, saturated aliphatic alcohols or esters of saturated aliphatic carboxylic acids and saturated aliphatic alcohols,
preferably each having a (flashpoint > 60°C. Examples of alcohols comprise aliphatic alcohols having at least 8 carbon
atoms, such as 1-octanol, 1-decanol or 1-dodecanol. Examples of esters comprise esters of saturated fatty acids having
at least 8 carbon atoms with saturated aliphatic alcohols, for example methyl laurate or methyl stearate. Technical
mixtures of various aliphatic esters are commercially available. In a further embodiment of the invention, it is possible
to use esters of aliphatic or cycloaliphatic dicarboxylic acids, for example dialkyl esters of cyclohexane-1,2-dicarboxylic
acid, such as diisononyl cyclohexane-1,2-dicarboxylate.

[0054] In a preferred embodiment of the invention, organic solvents (B) comprise hydrocarbons or a hydrocarbon
mixture. These may be aliphatic, cycloaliphatic and/or aromatic hydrocarbons. Preference is given to hydrocarbons or
hydrocarbon mixtures having a (flashpoint > 60°C. The hydrocarbons may be used as a mixture of hydrocarbons with
other organic solvents as outlined above. Such mixtures preferably comprise at least 50 % by weight of hydrocarbons.
Most preferably, only hydrocarbons or a hydrocarbon mixture are used as organic solvent (B).

[0055] The hydrocarbons may, for example, be saturated aliphatic solvents or solvent mixtures. These may be either
paraffinic or naphthenic, i.e. saturated cyclic, hydrocarbons. Preference is given to high-boiling aliphatic hydrocarbons
having a boiling point of at least 175°C and preferably a (flashpoint > 60°C. Suitable hydrocarbons having a (flashpoint
>60°C comprise, for example, n-undecane (flashpoint 60°C, boiling point 196°C) or n-dodecane (flashpoint 71 °C, boiling
point 216°C). It is possible with preference to use technical mixtures of hydrocarbons, for example mixtures of paraffinic



10

15

20

25

30

35

40

45

50

55

EP 3 107 984 B1

hydrocarbons, mixtures of paraffinic and naphthenic hydrocarbons or mixtures of isoparaffins. It will be apparent to those
skilled in the art that technical mixtures may still comprise small residues of aromatic or unsaturated hydrocarbons.
[0056] The hydrocarbons may also be aromatic solvents or solvent mixtures. In one embodiment of the invention, the
hydrocarbons are toluene or a solvent mixture comprising toluene. In a further embodiment, the hydrocarbons are high-
boiling aromatic hydrocarbons having a boiling point of at least 175°C and preferably a (flashpoint > 60°C. It is possible
with preference to use technical mixtures of aromatic hydrocarbons. Technical mixtures of aromatic solvents are com-
mercially available, for example technical mixtures of the Shellsol® A series or the Solvesso® series.

[0057] The polymer composition (X) is prepared in the usual manner by dispersing or dissolving at least one copolymer
(A) in at least one organic solvent (B). This may be done by dissolving solid copolymer (A), for instance granules of
copolymer (A) in at least one organic solvent (B). In one embodiment the polymer melt obtained from polymerization
may be directly dissolved in at least one organic solvent (B).

[0058] Besides the copolymer(s) (A) and the organic solvent(s) (B) the polymer composition (X) may of course comprise
further components.

[0059] Examples of such further components include additives which may be used in the ready-for-use formulation
such as the wax inhibitors as described below.

[0060] Specific examples of further components include poly(meth)acrylates, polymers comprising isobutene, a-ole-
fines, for example copolymers of maleic acid anhydride and styrene, copolymers of maleic acid anhydride and vinylac-
etate, which may optionally be further reacted alcohols and amines, copolymers of maleic acid anhydride and (meth)acr-
ylates copolymers, Copolymers of fumaric acid esters and vinyl acetate, styrene-butadiene based copolymers, or alkyl-
phenolformaldehyde resins.

[0061] The concentration of the copolymer (A) may be 5 to 35 % by weight, preferably 10 to 30 % by weight with
respect to the sum of all components of the polymer composition (X).

Use of the copolymers (A)

[0062] The copolymers (A) and/or the polymer compositions (X) may be used in various oilfield applications by adding
them and/or suitable formulations thereof to crude oil.

Use as pour point depressants

[0063] In one embodiment of the invention the copolymers (A) can be used as pour point depressants for crude oil by
adding at least a copolymer (A) to the crude oil.

[0064] Pour point depressants reduce the pour point of crude oils. The pour point refers to the lowest temperature at
which a sample of an oil, in the course of cooling, still just flows. For the measurement of the pour point, standardized
test methods are used.

[0065] Preferably, a suitable formulation comprising at least a copolymer (A) and at least one solvent is added to the
crude oil. Suitable solvents may be selected from water, polar or non-polar organic solvents. The copolymer(s) (A) may
be dissolved or dispersed in the solvent. The formulations may of course comprise further components such as for
instance surfactants.

[0066] Inone embodiment, the copolymers (A) can be used as pour point depressants for crude oil by adding a suitable
formulation comprising at least a copolymer (A) and an organic solvent capable of dissolving the copolymer(s) (A) to
the crude oil.

[0067] The skilled artisan may select suitable organic solvents according to his/her needs. Preferably, non-polar organic
solvents, in particular organic solvents (B) as defined above may be used. The concentration of the copolymers (A) may
also be selected by the skilled artisan an may be from 0,1 % by weight to 35 % by weight of copolymers (A) in the ready-
for-use formulation.

[0068] The formulation to be used may additionally comprise further components. For example, additional wax dis-
persants can be added to the formulation. Wax dispersants stabilize paraffin crystals which have formed and prevent
them from sedimenting. The wax dispersants used may, for example, be alkylphenols, alkylphenol-formaldehyde resins
or dodecylbenzenesulfonic acid.

[0069] In one preferred embodiment, the formulation comprising organic solvents comprises a composition (X). The
polymer composition (X) may be used as such or further components as outlined above and/or further organic solvents,
in particular further organic solvents (B) may be added before use.

[0070] The formulation to be used may be formulated at or close to the site of use, i.e. at or close to the oilfield or it
may be formulated in a chemical plant distant from the site of use and then provided to the site of use. In one embodiment
the site of use is an offshore platform.

[0071] In one preferred embodiment of the invention a polymer composition (X) is provided to the site of use, optionally
further formulated and then used. Itis the advantage of the polymer composition (X) thatit is a concentrate thus minimizing
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transport costs but remains nevertheless liquid even at low temperatures so that it can be used without the need to melt
it before use.

[0072] The inventive use is effected by adding the formulations comprising copolymer (A) and optionally comprising
further components to the crude oil. The formulation should be added as long as the crude oil has a temperature greater
or equal to its pour point.

[0073] The formulations are typically used in such an amount that the amount of all copolymers (A) together added is
50 to 3000 ppm based on the oil. The amount is preferably 100 to 1500 ppm, more preferably 250 to 600 ppm and, for
example, 300 to 600 ppm.

[0074] In a preferred embodiment of the invention the formulation is injected into a crude oil pipeline. The injection
can preferably be effected at the oilfield, i.e. at the start of the crude oil pipeline, but the injection can of course also be
effected at another site. More particularly, the pipeline may be one leading onshore from an offshore platform. Explosion
protection is particularly important on offshore platforms, therefore formulations based on organic solvents having a
(flashpoint > 60°C accordingly simplify working quite considerably. Moreover, the cooling of crude oil in underwater
pipelines leading onshore from an offshore platform is naturally particularly rapid, especially when the pipelines are in
cold water, for example having a water temperature of less than 10°C.

[0075] In a further preferred embodiment of the invention the formulation is injected into a production well. Here too,
the production well may especially be a production well leading to an offshore platform. The injection is preferably effected
approximately at the site where oil from the formation flows into the production well. In this way, the solidification of the
crude oil in the production well or an excessive increase in its viscosity can be prevented.

[0076] In another embodiment of the invention the copolymers (A) are used as pour point depressant and/or paraffin
inhibitor for crude oil by adding emulsions and/or dispersions of at least one copolymer (A) in a suitable solvent or solvent
mixture to the crude oil.

[0077] Examples of suitable solvents for such emulsions or dispersions include water, polar organic solvents miscible
with water, including but not limited to alcohols such as methanol, ethanol, propanol, ethylene glycol, propylene glycol.
Of course mixtures of two or more or more solvents may be used, for instance a mixture comprising water and an organic
solvent miscible with water.

[0078] Inadispersion, the copolymer (A) is dispersed in a suitable solvent or solvent mixture. In an emulsion, a mixture,
preferably a solution of the copolymer(s) (A) in a suitable solvent is emulsified in another solvent which is not miscible
with the first solvent. As an example, the copolymer(s) (A) may be dissolved in a non-polar organic solvent and the
solution is emulsified in water and/or a polar organic solvent. In one embodiment, a polymer composition (X) as described
above may be emulsified in water and/or a polar organic solvent.

[0079] In addition, said emulsions and/or dispersions of at least one copolymer (A) comprise at least one emulsifier
or a mixture of emulsifiers. Preferably, the amount of emulsifiers in a ready to use formulation is at least at least 10%
by wt. with respect to the total of all components, for example 10 - 20% by weight. Examples of suitable emulsifiers
comprise anionic or non-ionic surfactants including but not limited to ethoxylated fatty alcohols such as C4/45-(EO),H
with x from 5 to 50 or synthetic ethoxylated alcohols such as C13-(EO)yH with y from 5 to 50.

[0080] The concentration of the copolymers (A) in the emulsions or dispersions may be from 5 to 40 % by wt. in a
ready to use formulation.

[0081] Such emulsions and/or dispersions of at least one copolymer (A) in a suitable solvent or solvent mixture may
be made by melting at least the copolymer(s) (A), the emulsifier(s) and -if present- an organic solvent in a vessel until
all ingredients form a homogeneous clear melt. Under stirring, water and/or a polar organic solvent is added at 90°C
and stirring is continued until the formulation has been cooled down to room temperature.

[0082] In another embodiment such aqueous formulations may be made is by melting at least the copolymer(s) (A),
at least one emulsifier and -if present- an organic solvent in a vessel until all ingredients form a homogeneous clear
melt. While stirring slowly with a low shear rate, water or a polar organic solventis added at 90°C and stirring is continued.
During the cooling process, at least one further emulsifier is added to the formulation, then it is cooled down to room
temperature.

Use as wax inhibitors

[0083] In a further embodiment of the invention, the copolymers (A), in particular the above-detailed formulations,
especially the formulations comprising polymer compositions (X) are used to prevent wax deposits on surfaces in contact
with crude oil. The use is effected by adding at least one of the formulations detailed above to the crude oil. Preferred
formulations have already been mentioned, and the manner of use is also analogous to the use as a pour point depressant.
In addition, it is of course also possible to use further formulations which act as wax inhibitors.

[0084] It is an advantage of the copolymers (A) according to the present invention that they are suitable for use as
pour point depressants and also for use as wax inhibitors. Therefore it is not necessary to mix pour point depressants
and wax inhibitors if both effects are desired by the skilled artisan but using one component is sufficient.
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Use as rheology modifiers

[0085] In a further embodiment of the invention, the copolymers (A), in particular the above-detailed formulations,
especially the formulations comprising polymer compositions (X) are used as rheology modifiers in order to improve the
flowing properties of crude oil, e.g. of oil flowing through pipelines to lower its viscosity thereby facilitating its transport.
For this purpose the copolymers, preferably a formulation of the copolymers as detailed above may be added to the
crude oil.

[0086] The following examples are intended to illustrate the invention in detail:

Part A: Manufacture of the copolymers (A) and comparative copolymers

[0087] The copolymers (A) and comparative copolymers were manufactured by radical polymerization of ethylene,
vinyl acetate and the respective (meth)acrylates under high pressure in a stirred high-pressure autoclave in a continuous
process. Ethylene (12,0 kg/h) was pressurized to 250 bar by a pre-compressor. Vinyl acetate, the respective (meth)acr-
ylate used and propionaldehyde as regulator were pressurized by middle pressure pumps also until 260 bar. The amounts
of the comonomers and propionaldeyde are provided by table 1. The ethylene feed and the comonomer mixture were
compressed together with a hypercompressor to about 1,700 bar and the mixture was fed in the autoclave. Separately,
tert-amylperoxypivalate dissolved in isododecane was also pressurized with another high pressure pump to 1,700 bar
and also fed into the autoclave. The temperature in autoclave was kept constantly at around 220°C. After the polymer-
ization, the polymer is separated from the free monomers by reducing the pressure very rapidly to 1 to 20 bar. The
resulting copolymer is collected as a melt in a heated product tank (200°C). For use it may be removed and solidified.
[0088] The properties of the collected copolymers are summarized in Table 2.

Table 1: Feed of monomers and regulators into reactor polymerization, i-pentyl-, i-nonyl-, i-tridecyl-, and i-heptadecyl
moieties are branched alkyl groups.

vinyl acetate (meth)acrylate propionaldehyde
No. [/h] type [/h] [ml/h] Yield %
C1 6,5 - - - 20
Cc2 7,2 - - - 20
C3 6,33 - - 102 21
2-propylheptyl
C4 5,4 acrylate 0,9 910 21
2-propylheptyl
C5 7,5 acrylate 1,5 0 20
C6 2,57 methyl acrylate 0,42 27 20
C7 5,13 n-octyl acrylate 0,27 50 20
C8 4,67 n-dodecyl acrylate 1,3 67 25
C9 5,21 n-dodecyl acrylate 0,125 0 19
n-dodecyl
Cc10 52 methacrylate 0,135 0 18
n-dodecyl
CcC11 412 methacrylate 0,46 74 25
C12 3,1 n-octadecyl acrylate 0,2 0 20
C13 3,2 n-docosyl acrylate 0,2 0 21
2-propylheptyl
1 5,1 acrylate 0,34 0 21
2-propylheptyl
2 4.9 acrylate 0,30 0 24
2-propylheptyl
3 4,45 acrylate 1,15 82 21
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(continued)
vinyl acetate (meth)acrylate propionaldehyde
No. [I7h] type [I7h] [ml/h] Yield %
cyclohexyl
4 4,54 methacrylate 0,26 39 20
cyclohexyl
5 5,52 methacrylate 0,45 0 24
6 4,41 cyclohexyl acrylate 0,72 98 21
7 5,13 2-ethylhexyl acrylate 0,27 43 22
8 3,38 2-ethylhexyl acrylate 0,91 105 21
9 5,1 i-pentyl acrylate 0,25 0 20
10 4.4 i-nonyl acrylate 1,2 0 21
1 4.6 i-tridecyl acrylate 1,3 0 21
12 3,2 i-heptadecyl acrylate 0,2 0 23




EP 3 107 984 B1

v'8 0106 00952 9'0 - - - - - - G'6 9'68 €10
v'8 0€06 00092 - €0 - - - - - v'6 06 ZLo
v'9 0069 0008¢ - - €l - - - - v'9 z'ee 1O
0'9 0clZL | oovcol - - G'0 - - - - €0l 6'88 0Lo
€' 0816 oovL8 - - - G'0 - - - v'ol 6'88 60
v'9 0LLL 00961 - - v'e - - - €L ‘68 80
€'s 0058 000St - - - - I - - YL v'L6 LD
€'g 0006 00052 - - - - - 9'v - 8y G'06 90
0'S 00¢8 000l - - - - - - 9 14 08 °10)
v'e 000€ (0[0}92 - - - - - - €'e G'ol z'98 149)
v's 0059 000s€ - - - - - - - v'ol v'68 €0
8'G 00€0C | 0008LI - - - - - - - g'cl z'98 [49)
G's 08¢€8 004Sv - - - - - - - Z'h 8'88 1O
sjejhioe ojefioe
[lowyB] [jowyB] ajejlioe |Aoapeloo ajejAioeyow ajejlioe ajejAioe ajejhioe 1Aiday ajejaoe
WM YN M |Asoo0p-u -u |Kospop-u |Kospop-u |A300-u [GHEDT |Adoud-g [Auin auslAyig "ON

10

15

so|dwexa aAlesedwod ‘pazisayjuis siowAjodoo ayy jo uoisodwo) 1| s|qel

(=]
N

o]
N

(=
™

o)
™

(=)
A

45

50

55

10



EP 3 107 984 B1

18 0¢s6 00692 €0 - - - - - - - v'6 06 cl
19 00¢8 0000S - €'c - - - - - - v'. z'68 L
z'9 0evol 00099 - - z'e - - - - - €'9 G'06 oL
€' Ge06 000SZ - - - Ll - - - - Z'L G'L6 6

6'S 0999 0006¢€ - - - - 9'c - - - L'y 9'16 8

v'. 09¥. 006vS - - - I - - - €'/ G'l6 L

L'S 0289 0088¢ - - - - - €C - - v'. Z'06 9

G'g 0982 00299 - - - - - - 6'C - L'8 1‘88 S

6'S 0889 00.v¢€ - - - - - - 8l - v'. 9'06 14

9'9 06¢€. 0098¥ - - - - - - - z'e 6'9 8'68 €

L'e 0ocile | 00199 - - - - - - - l 6 06 14

0', 00S01 000¢. - - - - - - - €l v'6 1'68 }

ajejhioe alelluoe | ajejhioe ajejlioe
[low/B] | [jow/B] | [Aospeiday ajejhioe aje|lioe | ajejlioe Axay Axay ajejAioeyow 1Aiday ajela0e

/MW YN MIN -l |Ao8puy-1 JAuou-i |Ayuad-| [Ayye-g 0[oAD |Axay 0]oAd |Adoud-g JAuIp suslAylg | ‘oN

10

uonuaAui o} Buipioooe sejdwexs ‘pazisayiuhs siswAjodoo ayy jo uonisodwo) :('uod) Z s|qel

o]
~

(=]
N

o]
N

(=
™

o)
™

(=)
A

o]
A

50

55

1"



10

15

20

25

30

35

40

45

50

55

EP 3 107 984 B1

Manufacture of polymer compositions (X)

[0089] 100 kg of granulates of copolymer (A) No. 2 are dissolved in 900 kg Solvesso® 150 (a high-boiling aromatic
hydrocarbon mixture from ExxonMobil Chemical Company, aromatics content > 99% by vol., initial boiling point 184°C,
flashpoint to ASTM D93 >61°C) in a vessel (1,5 m3). The mixture is heated at 80°C and stirred with 60 rpm for 4 hours.
After 4 hours the solution is completely homogenous dissolved. Polymer content: 9.8% by wt. Viscosity of the solution
at 25°C: 57 mPas (see table 3).

Solutions of the other copolymers (A) and solutions of comparative copolymers were obtained in similar manner.

Part B: Test of the properties of the polymers obtained

Molecular weight determination

[0090] The number-average molecular weight M,, and the weight-average molecular weight M,, of each of the copol-
ymers obtained were determined by means of gel permeation chromatography in tetrahydrofuran as the solvent using
polystyrene standards. The values are compiled in table 2 and 3.

Determination of viscosity in aromatic solvent

[0091] The viscosity of solutions of 10 % by wt. of the copolymers (A) and comparative polymers in Solvesso® 150
were measured at 25°C using a Brookfield DV 111+ Rheometer using a constant shear rate and spindle #21. The results
are summarized in table 3.

Determination of the pour point

[0092] The determination of the pour point was conducted to ASTM D97 "Standard Test Method for Pour Point of
Petroleum Products. The pour point is the minimum temperature at which a sample of the oil used for the tests is still
just free-flowing. According ASTM D97, for this purpose, a sample of the oil is cooled in steps of 3°C each and the
flowability is tested after each step. For the tests, a crude oil from the "Landau" oilfield in south-west Germany (Wintershall
Holding GmbH) having an API gravity of 37 and a pour point of 27°C was used. To determine the lowering of the pour
point, the graft copolymers to be tested were used to the oil in a concentration of 100 ppm, 300 ppm or 1500 ppm, in
each case of polymer based on the crude oil. The values are compiled in table 1. Double or triple determinations were
conducted on some samples. In these cases, all measurements are reported in the table. The results are summarized
in table 3.

Determination of viscosity of crude oil

[0093] For the tests, a crude oil from the "Landau" oilfield in south-west Germany (Wintershall Holding GmbH) having
an API gravity of 37 and a pour point of 27°C was used. The viscosity in crude oil was measured by a HAAKE RheoStress
6000 rheometer for each sample using a sample adapter of cone and plate. The shear rate is constant.

[0094] The viscosity of the crude oil at 9°C is 2500 mPas. Furthermore, the viscosity of crude oil comprising 100 ppm
of the copolymers C1 to C13 and 1 to 12 (added as 10 % solution in xylene) and the viscosity of crude oil comprising
300 ppm of copolymers C1 to C13 and 1 to 12 were measured respectively under the same conditions in order to study
the influence of the copolymers on the rheological properties of the oil. The results are summarized in table 3.

Wax inhibition

[0095] The cold finger deposition test was utilized to determine the wax inhibition properties of the terpolymers. The
wax inhibition was determined by exposing the crude oil to a cold metal finger surface in the presence and absence of
the inhibitor. The amount and type of wax deposited on the cold metal finger was used to determine waxing tendency.
[0096] For the tests, a crude oil from the "Landau" oilfield in south-west Germany (Wintershall Holding GmbH) having
an API gravity of 37 and a pour point of 27°C was used. The test was started by conditioning the oil sample by heating
to 80°C and holding for 30 minutes to remove thermal history. A water bath on the cold finger apparatus was adjusted
so that the oil temperature is maintained at 35°C. The cold finger was maintained at 4°C and the cold finger was inserted
into oil sample. The test was run for 4 hours. The cold finger was removed the wax deposit was removed with a paper
towel. The wax deposit was weighed. The wax test was repeated in the presence and absence of the copolymers C1
to C13 and 1 to 12. The amount of copolymers used was 1000 ppm (added as solution of 10% copolymer in xylene)
with respect to crude oil. The percent efficacy was calculated on the performance of paraffin inhibitor as compared to
the baseline (i.e. the measurement without wax inhibitor The results are summarized in table 3.
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Comments on the results obtained:

[0097] The present application relates to copolymers comprising ethylene, vinylesters and and certain (meth)acrylic
acid esters which are specifically adapted for use in oilfield applications, in particular as pour point depressants, wax
inhibitors, and rheology modifiers. Although similar (but not the same) copolymers are known for use in fuel oil applications
our examples demonstrate that certain conditions need to be fulfilled in order to provide satisfying results in oilfield
applications.

[0098] All copolymers (A) according to the invention show a wax inhibition of more than 70 %, including examples 1
to 8 which show a wax inhibition of at least 80 %. Only two of the comparative examples have a wax inhibition of 72%,
resp. 73 % while all the other comparative examples show a wax inhibition of not more than 62%, in the worst case only
18%.

[0099] In a similar manner, none of the comparative polymers added at a concentration of 100 ppm to crude oil
diminishes the viscosity of said crude oil at 9°C (2500 mPas) to numbers of less than 2000 mPas while all inventive
copolymers yield less than 1850 mPas. The copolymer comprising 2-propylheptylacrylate (examples 1, 2, and 3) shows
the best performance as pour point depressant.

[0100] A comparison of examples 1 and 2 with example 3 and with comparative example 4 shows the importance of
a sufficient molecular weight. Comparative example 1 also comprises 2-propylheptylacrylate but has a molecular weight
M,, of only 7,300 g/mol (which is well below the lower limit of 35,000 g/mol as required by our invention). Its performance
as pour point depressant, wax inhibitor, and rheology modifier is the worst of all examples but also comparative examples.
The best examples 1 and 2 have a molecular weight M,, of 73,000 g/mol and 66,700 g/mol respectively. Example 3
which also comprises 2-propylheptylacrylate has a somewhat lower molecular weight of 48,600 g/mol. While its per-
formance as wax inhibitior and rheology modifier still is very satisfying, its performance is no longer that good as that of
examples 1 and 2.

[0101] Comparative example 4 demonstrates the need of a sufficient amount of ethylene. The polymer comprises only
80 mol % ethylene (which is below the lower limit of 84 mol % ethylene required by our invention) and its performance
as pour point depressant is as worse as that of comparative example 4.

[0102] Comparative example C7 shows that linear alkyl moieties are inferior as compared to the branched of cyclic
alkyl moieties of the present invention. The copolymer C7 comprises 1 % of n-octyl acrylate while the copolymer 7
comprises 1 % of 2-ethylhexyl acrylate. While the performance as pour point depressant is in about the same for both
polymers, C7 added at a concentration of 100 ppm does nearly not reduce the oil viscosity at all, while copolymer 7
already significantly reduces it. Also at a concentration of 300 ppm the performance of copolymer is far better than that
of C7. Furthermore, copolymer C7 has not a good performance as wax inhibitor (57%), while polymer 7 has an excellent
performance (81 %).

Similar observations may be made by comparing a linear C4, acrylate (copolymer C8) with a branched C,5 acrylate
(copolymer 11). Copolymer 11 shows a better performance as pour point depressant but also as wax inhibitor and
rheology modifier.

[0103] Itis the advantage of the copolymers (A) according to the invention that they not only act as pour point depres-
sants for crude oil but simultaneously as wax inhibitors and rheology

Claims

1. Copolymer (A) at least comprising ethylene, a vinyl ester, and a (meth)acrylate, wherein the copolymer (A) at least
comprises

(M1) 83.5 mol % to 96.5 mol % of ethylene,

(M2) 3 mol % to 11.5 mol % of at least one vinyl ester of the general formula H,C=CH-O-(0)C-R (I) where R!
is H or a C4- to C, alkyl moiety, and

(M3) 0.5 mol % to 5 mol % of a (meth)acrylate of the general formula H,C=C(R2)-COOR3 wherein RZ is H or
methyl, and R3 is selected from the group of

R3a: branched alkyl moieties having 4 to 18 carbon atoms,

R3b: cyclic alkyl moieties having 5 to 12 carbon atoms, and

R3c: optionally alkyl substituted aryl moieties having 6 to 12 carbon atoms,

and wherein the weight average molecular weight M, of the copolymer (A) is 35,000 g/mol to 150,000 g/mol.

2. Copolymer (A) according to claim 1, wherein R is a methyl moiety.
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Copolymer (A) according to claim 1 or 2, wherein R32 has 5 to 11 carbon atoms.
Copolymer (A) according to claim 1 or 2, wherein R32 has 8 to 10 carbon atoms.
Copolymer (A) according to any of claims 1 to 4, wherein R3b has 6 to 10 carbon atoms.
Copolymer (A) according to any of claims 1 to 4, wherein R3 is selected from R32 and R3b,
Copolymer (A) according to any of claims 1 to 6, wherein R3 is R32,

Copolymer (A) according to any of claims 1 to 7, wherein the weight average molecular weight M,, of the copolymer
(A) is 50,000 g/mol to 120,000 g/mol.

A polymer composition (X) at least comprising

« at least one copolymer (A) according to any of claims 1 to 8,
+ at least one organic solvent (B),

wherein the concentration of the copolymer (A) is 5 to 25 % by weight with respect to the sum of all components of
the polymer composition (X).

The composition (X) according to claim 9, wherein the organic solvent (B) comprises a hydrocarbon or a hydrocarbon
mixture.

The composition (X) according to claim 9, wherein the solvent (B) comprises saturated aliphatic hydrocarbons having
a (flashpoint > 60°C.

The composition (X) according to any of claims 9 to 11, wherein the concentration of the copolymer (A) is 10 to 20
% by weight.

The use of a copolymer (A) according to any of claims 1 to 8 as a pour point depressant for crude oil by adding at
least one copolymer (A) to the crude oil.

The use according to claim 13, wherein a formulation comprising at least one copolymer (A) and an organic solvent
is added to the crude oil.

The use according to claim 14, wherein the formulation comprises a composition (X) according to any of claims 9to 12.
The use accordingto claims 14 or 15, wherein the formulation used additionally comprises at least one wax dispersant.

Use, according to claim 16, wherein the wax dispersant is at least one selected from alkylphenols, alkylphenol-
formaldehyde resins or dodecylbenzenesulfonic acid.

The use according to claim 13, wherein an emulsion or dispersion of at least one copolymer (A) in a suitable solvent
or solvent mixture to the crude oil.

The use according to any of claims 14 to 18, wherein the amount of copolymer (A) added is 50 to 3000 ppm of the
copolymer (A) based on the crude oil.

The use according to any of claims 14 to 18, wherein the formulation is injected into a crude oil pipeline.
The use according to any of claims 14 to 18, wherein the formulation is injected into a production well.

The use of a copolymer (A) according to any of claims 1 to 8 for prevention of wax deposits on surfaces in contact
with crude oil, by adding at least one formulation of the copolymer (A) in an organic solvent to the crude oil.

The use according to claim 22, wherein the formulation comprises a composition (X) according to any of claims 9to 12.
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The use of a copolymer (A) according to any of claims 1 to 8 as rheology modifier for crude oil by adding at least
one formulation of the copolymer (A) in an organic solvent to the crude oil.

The use according to claim 24, wherein the formulation comprises a composition (X) according to any of claims 9 to 12.

Patentanspriiche

1.

10.

1.

12.

13.

Copolymer (A), das mindestens Ethylen, einen Vinylester und ein (Meth)acrylat umfasst, wobei das Copolymer (A)
mindestens

(M1) 83,5 Mol-% bis 96,5 Mol-% Ethylen,

(M2) 3 Mol-% bis 11,5 Mol-% mindestens eines Vinylesters der allgemeinen Formel H,C=CH-O-(0) C-R" (I),
wobei R' fir H oder eine C4-bis C4-Alkylgruppe steht, und

(M3) 0,5 Mol-% bis 5 Mol-% eines (Meth)acrylats der allgemeinen Formel H,C=C(R2)-COOR3, wobei R? fiir H
oder Methyl steht und R3 aus der Gruppe von

R3a: verzweigten Alkylgruppen mit 4 bis 18 Kohlenstoffatomen,

R3b: cyclischen Alkylgruppen mit 5 bis 12 Kohlenstoffatomen und

R3c: gegebenenfalls alkylsubstituierten Arylgruppen mit 6 bis 12 Kohlenstoffatomen

ausgewahlt ist,

umfasst und wobei das gewichtsmittlere Molekulargewicht M, des Copolymers (A) 35.000 g/mol bis 150.000 g/mol
betragt.

Copolymer (A) nach Anspruch 1, wobei es sich bei R! um eine Methylgruppe handelt.
Copolymer (A) nach Anspruch 1 oder 2, wobei R32 5 bis 11 Kohlenstoffatome aufweist.
Copolymer (A) nach Anspruch 1 oder 2, wobei R32 8 bis 10 Kohlenstoffatome aufweist.
Copolymer (A) nach einem der Anspriiche 1 bis 4, wobei R3P 6 bis 10 Kohlenstoffatome aufweist.
Copolymer (A) nach einem der Anspriiche 1 bis 4, wobei R3 aus R32 und R3P ausgewahlt ist.
Copolymer (A) nach einem der Anspriiche 1 bis 6, wobei es sich bei R3 um R32 handelt.

Copolymer (A) nach einem der Anspriiche 1 bis 7, wobei das gewichtsmittlere Molekulargewicht M,, des Copolymers
(A) 50.000 g/mol bis 120.000 g/mol betragt.

Polymerzusammensetzung (X), die mindestens

» mindestens ein Copolymer (A) nach einem der Anspriiche 1 bis 8 und
» mindestens ein organisches Lésungsmittel (B)

umfasst, wobei die Konzentration des Copolymers (A) 5 bis 25 Gew.-%, bezogen auf die Summe aller Komponenten
der Polymerzusammensetzung (X), betragt.

Zusammensetzung (X) nach Anspruch 9, wobei das organische Lésungsmittel (B) einen Kohlenwasserstoff oder
ein Kohlenwasserstoffgemisch umfasst.

Zusammensetzung (X) nach Anspruch 9, wobei das Lésungsmittel (B) geséattigte aliphatische Kohlenwasserstoffe
mit einem Flammpunkt > 60 °C umfasst.

Zusammensetzung (X) nach einem der Anspriiche 9 bis 11, wobei die Konzentration des Copolymers (A) 10 bis 20
Gew.-% betragt.

Verwendung eines Copolymers (A) nach einem der Anspriiche 1 bis 8 als Pourpoint-Erniedriger fir Rohdl durch
Zugabe von mindestens einem Copolymer (A) zu dem Rohdl.
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Verwendung nach Anspruch 13, wobei dem Rohdl eine Formulierung, die mindestens ein Copolymer (A) und ein
organisches Losungsmittel umfasst, zugesetzt wird.

Verwendung nach Anspruch 14, bei dem die Formulierung eine Zusammensetzung (X) nach einem der Anspriiche
9 bis 12 umfasst.

Verwendung nach Anspruch 14 oder 15, wobei die verwendete Formulierung zusatzlich einen Wachsdispergator
umfasst.

Verwendung nach Anspruch 16, wobei es sich bei dem Wachsdispergator um mindestens einen, der aus Alkylphe-
nolen, Alkylphenol-Formaldehyd-Harzen oder Dodecylbenzolsulfonsdure ausgewahlt ist, handelt.

Verwendung nach Anspruch 13, wobei dem Rohdl eine Emulsion oder Dispersion von mindestens einem Copolymer
(A) in einem geeigneten Lésungsmittel oder Lésungsmittelgemisch.

Verwendung nach einem der Anspriiche 14 bis 18, wobei die zugesetzte Menge von Copolymer (A) 50 bis 3000
ppm des Copolymers (A), bezogen auf das Rohdl, betragt.

Verwendung nach einem der Anspriiche 14 bis 18, wobei die Formulierung in eine Rohdl-Pipeline injiziert wird.

Verwendung nach einem der Anspriiche 14 bis 18, wobei die Formulierung in eine Produktionsbohrung injiziert wird.
Verwendung eines Copolymers (A) nach einem der Anspriiche 1 bis 8 zur Verhinderung von Wachsablagerungen
auf Oberflachen, die in Kontakt mit Rohdl stehen, indem man dem Rohdl mindestens eine Formulierung des Co-

polymers (A) in einem organischen Losungsmittel zusetzt.

Verwendung nach Anspruch 22, wobei die Formulierung eine Zusammensetzung (X) nach einem der Anspriiche 9
bis 12 umfasst.

Verwendung eines Copolymers (A) nach einem der Anspriiche 1 bis 8 als Rheologiemodifikator fiir Rohdl, indem
man dem Rohdél mindestens eine Formulierung des Copolymers (A) in einem organischen Lésungsmittel zusetzt.

Verwendung nach Anspruch 24, wobei die Formulierung eine Zusammensetzung (X) nach einem der Anspriiche 9
bis 12 umfasst.

Revendications

1.

Copolymere (A) comprenant au moins de I'éthyléne, un ester vinylique et un (méth)acrylate, le copolymere (A)
comprenant au moins

(M1) 83,5 % en mole a 96,5 % en mole d’éthylene,

(M2) 3 % en mole a 11,5 % en mole d’au moins un ester vinylique représenté par la formule générale H,C=CH-
0-(0)C-R' (1) ou R est H ou une fraction alkyle en C4 a C, et

(M3) 0,5 % en mole a 5 % en mole d’un (méth)acrylate représenté par la formule générale H,C=C(R2)-COOR3
dans laquelle R2 est H ou une fraction méthyle et R3 est choisi dans le groupe de

R3a : |es fractions alkyle ramifiées ayant 4 & 18 atomes de carbone,

R3b : les fractions alkyle cycliques ayant 5 & 12 atomes de carbone et

R3¢ : |es fractions aryle, éventuellement substituées par alkyle, ayant 6 & 12 atomes de carbone,

et la masse moléculaire moyenne en poids M,, du copolymére (A) étant de 35 000 g/mol & 150 000 g/mol.
Copolymére (A) selon la revendication 1, dans lequel R est une fraction méthyle.
Copolymére (A) selon la revendication 1 ou 2, dans lequel R32 a 5 & 11 atomes de carbone.

Copolymére (A) selon la revendication 1 ou 2, dans lequel R32 a 8 & 10 atomes de carbone.
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Copolymére (A) selon I'une quelconque des revendications 1 a 4, dans lequel R3 a 6 4 10 atomes de carbone.
Copolymére (A) selon I'une quelconque des revendications 1 & 4, dans lequel R3 est choisi entre R32 et R3b,
Copolymére (A) selon I'une quelconque des revendications 1 & 6, dans lequel R3 est R32,

Copolymeére (A) selon I'une quelconque des revendications 1 & 7, la masse moléculaire moyenne en poids M,, du
copolymeére (A) étant de 50 000 g/mol a 120 000 g/mol.

Composition de polymeére (X) comprenant au moins

» au moins un copolymere (A) selon I'une quelconque des revendications 1 a 8,
* au moins un solvant organique (B),

dans laquelle la concentration du copolymere (A) est de 5 a 25 % en poids par rapport a la somme de tous les
constituants de la composition de polymére (X).

Composition (X) selon la revendication 9, dans laquelle le solvant organique (B) comprend un hydrocarbure ou un
mélange d’hydrocarbures.

Composition (X) selon la revendication 9, dans laquelle le solvant (B) comprend des hydrocarbures aliphatiques
saturés ayant un point d’éclair > 60 °C.

Composition (X) selon 'une quelconque des revendications 9 a 11, dans laquelle la concentration du copolymeére
(A) est de 10 a 20 % en poids.

Utilisation d’un copolymére (A) selon I'une quelconque des revendications 1 a 8 en tant qu’agent abaissant le point
d’écoulement pour du pétrole brut par ajout d’au moins un copolymére (A) au pétrole brut.

Utilisation selon la revendication 13, dans laquelle une formulation comprenant au moins un copolymére (A) et un
solvant organique est ajoutée au pétrole brut.

Utilisation selon la revendication 14, dans laquelle la formulation comprend une composition (X) selon I'une quel-
conque des revendications 9 a 12.

Utilisation selon les revendications 14 ou 15, dans laquelle la formulation utilisée comprend de plus au moins un
dispersant de paraffines.

Utilisation selon la revendication 16, dans laquelle le dispersant de paraffines en est au moins un choisi parmi les
alkylphénols, les résines d’alkylphénol-formaldéhyde ou I'acide dodécylbenzenesulfonique.

Utilisation selon la revendication 13, dans laquelle une émulsion ou dispersion d’au moins un copolymeére (A) dans
un solvant ou mélange de solvants approprié au pétrole brut.

Utilisation selon I'une quelconque des revendications 14 a 18, dans laquelle la quantité de copolymeére (A) ajouté
est de 50 a 3000 ppm du copolymeére (A) par rapport au pétrole brut.

Utilisation selon I'une quelconque des revendications 14 a 18, dans laquelle la formulation est injectée dans un
pipeline de pétrole brut.

Utilisation selon I'une quelconque des revendications 14 a 18, dans laquelle la formulation est injectée dans un
puits de production.

Utilisation d’'un copolymere (A) selon I'une quelconque des revendications 1 a 8 pour la prévention de dépbts de
paraffines sur des surfaces en contact avec du pétrole brut, par ajout au pétrole brut d’au moins une formulation

du copolymeére (A) dans un solvant organique.

Utilisation selon la revendication 22, dans laquelle la formulation comprend une composition (X) selon I'une quel-
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conque des revendications 9 a 12.

24. Utilisation d’'un copolymére (A) selon I'une quelconque des revendications 1 a 8 en tant que modificateur de rhéologie
pour du pétrole brut par ajout au pétrole brut d’au moins une formulation du copolymére (A) dans un solvant organique.

25. Utilisation selon la revendication 24, dans laquelle la formulation comprend une composition (X) selon 'une quel-
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